Biotic interactions can have large effects on species distributions yet their role in shaping species ranges 15 is seldom explored due to historical difficulties in incorporating biotic factors into models without a 16 priori knowledge on interspecific interactions. Improved SDMs, which account for biotic factors and 35
do not require a priori knowledge on species interactions, are needed to fully understand species 18 distributions. Here, we model the influence of abiotic and biotic factors on species distribution patterns 19 and explore the robustness of distributions under future climate change. We fit hierarchical spatial 20 models using Integrated Nested Laplace Approximation (INLA) for lagomorph species throughout 21
Europe and test the predictive ability of models containing only abiotic factors against models 22 containing abiotic and biotic factors. We account for residual spatial autocorrelation using a conditional 23 autoregressive (CAR) model. Model outputs are used to estimate areas in which abiotic and biotic 24 factors determine species' ranges. INLA models containing both abiotic and biotic factors had 25 substantially better predictive ability than models containing abiotic factors only, for all but one of the 26 four species. In models containing abiotic and biotic factors, both appeared equally important as 27 determinants of lagomorph ranges, but the influences were spatially heterogeneous. Parts of widespread 28 lagomorph ranges highly influenced by biotic factors will be less robust to future changes in climate, 29
whereas parts of more localised species ranges highly influenced by the environment may be less robust 30 to future climate. SDMs that do not explicitly include biotic factors are potentially misleading and omit 31 a very important source of variation. For the field of species distribution modelling to advance, biotic 32 factors must be taken into account in order to improve the reliability of predicting species distribution 33 patterns both presently and under future climate change. 34 1.2 MATERIALS AND METHODS 139 1.2.1 Species data 140 International Union for Conservation of Nature (IUCN) geographic range polygons for 141 European lagomorph species (Fig. 1) were rasterised in R version 3.1.1 at 30 arc-minute 142 resolution (~50km 2 grid cells), with a value of 1 for species presence and 0 for absence. IUCN 143 polygons have been used in a number of species distribution modelling studies to date (e.g. 144 Lawler et al., 2009; Visconti et al., 2015) , and whilst they may have higher omission errors 145 (Graham & Hijmans, 2006; Murray et al., 2011) , the detailed construction of the polygons 146 together with the internal review process and expert assessments by the IUCN can lead to the 147 production of more realistic distribution models. To illustrate the consequences of using 148 different input data, species distributions models will be built with IUCN polygons and 149 compared to those built using point occurrence data. For this exercise, point data was 150 downloaded from the Global Biodiversity Information Facility (GBIF) Data Portal 151 (http://data.gbif.org) and prepared as per Leach et al. (2015b) . Models for two highly range-152 restricted species: L. castroviejoi and L. corsicanus, were extremely poor and are not 153 considered further. Positive Water Balance (PWB) was calculated by subtracting each monthly evapotranspiration 166 from its corresponding monthly precipitation, then converting into a binary format, where a 167 value greater than zero was given a value of one and a value less than zero was kept at zero, 168 finally summing the twelve binary scores (Kremen et al., 2008) and individual covariates were restricted to functional forms with simple shapes (Austin, 2002) 188 and the flexibility of these forms was part of the modelling approach. Each covariate was fitted 189 as a smooth term represented by a penalised regression spline with two knots to describe where was the probability of presence in cell i, was the intercept, and the estimated 234 parameters for abiotic factors, 1 and 2 the two spline bases for and in cell i, 235 and the estimated parameters for biotic factors, 1 and 2 the two spline 236 bases for and in cell i, and was the estimated spatially explicit error term for cell i.
237
The total number of fixed-effect parameters differs between models due to differing numbers 238 of co-occurring species; however, there were always 17 fixed-effect abiotic parameters 239 (intercept plus two parameters for each abiotic factor -due to the two knots in the penalised 240 regression spline). proportion of species' presence explained by abiotic ( Fig. 4a ) and biotic factors (Fig. 4b) winter snowfall (Angerbjorn & Flux, 1995) , and, therefore, tolerates large seasonal variations 408 in temperature. Also, L. timidus is known to occupy high elevations, especially in the Alps, and 409 inhabits areas of low human influence (Thulin, 2003) . 410 Projecting species distributions under future climate scenarios is inherently challenging, 411 especially with the inclusion of biotic factors which may introduce the potential for 412 multicollinearity (Kissling et al., 2012) . Associating proxies for climate change with the results 413 of spatial hierarchical models can provide insight into the potential impacts of future change 414 (e.g. Watson et al., 2013) . We show that areas of O. cuniculus and L. europaeus ranges 415 influenced by biotic factors will be less robust to future changes in climate, whereas areas of 416 L. granatensis and L. timidus ranges highly influenced by the environment will be less robust are highly susceptible to even small changes in climate (Beaumont et al., 2011) , and the species 422 found here, which are adapted to these narrow conditions, may therefore struggle to cope with 423 small changes to temperature or precipitation. The widespread lagomorphs, L. europaeus and 424 O. cuniculus, on the other hand, are predicted to be less robust to future climatic changes in 425 areas determined by biotic factors. This may lead to substantial changes in future distributions, 426 given that these species co-occur with most other lagomorph species in Europe, and may lead 427 to altered interactions, for example one of the more range-restricted species may outcompete 428 one of the widespread species in the future, potentially changing the direction of interactions.
429
The effects on range-restricted species, e.g. L. castroviejoi and L. corsicanus, are still unknown, 430 but we expect them to be particularly sensitive to projected changes due to the restricted 431 climatic envelopes that they occupy. On the basis of these results we suggest that the 432 management of L. timidus and L. granatensis in the future is directed towards habitat 433 conservation in areas of climate particularly favoured by these species, whereas for L. data on observer effort, models could be improved (see Royle et al., 2007; Beale et al., 2014) . 441 Here, we concentrated on determining interspecific interaction effects at the same trophic level 442 with congeneric species (for simplicity), but future improvements might also include top-down 443 (predator-prey), bottom-up (plant-grazer) Area of Central Nepal. Our Nature, 5, 37-40. 
